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At the  present state  of  the  art,  it is 
appropriate  to  reexamine  the  relevance 
of the data and theory on the contribu- 
tion  of  the  deposits  of  osmium  com- 
pounds  in  tissues  fixed in  Os04  to  the 
contrast  observed  in  electron  micro- 
graphs of sections of  such  tissues.  It is 
the  purpose  of  this  communication  to 
note  briefly  the  interrelationship  of  a 
number  of  crucial  observations  and 
opinions on this point. 
It is generally agreed (e.g. see reference 
1)  that  the  osmium deposited in  tissues 
probably  exists  in  the  form  of  mixed 
lower osmium oxides and/or  hydroxides 
and  metallo-organic  compounds.  These 
may have  densities of the  order of 2  to 
8  gm./cc, as compared to 22.48  gm./cc. 
for metallic osmium and about  1.3 gm./ 
cc. for pure protein. It is therefore possi- 
ble, in principle, to pack up to 6 times as 
much osmium compounds as protein (or 
other  naturally  occurring  organic  sub- 
stances)  in a  given volume of a  section. 
This is probably part of the explanation 
of the  "osmiophilic staining" of droplets 
of free lipide. The results of Hall (2)  in 
which  relatively enormous  quantities  of 
dense reagent molecules are "soaked up" 
by  virus  particles,  far  in  excess  of  the 
stoichiometry of the known reactions be- 
tween  both  the  nucleic  acids  and  pro- 
teins  on  the  one  hand,  and  the  reagent 
molecules used, demonstrate the efficacy 
of this type of non-stoichiometric  impreg- 
nation "staining." 
However,  as  early  as  1952  (3),  the 
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point was explicitly made that  the  con- 
trast one  sees in  the  electron images of 
thin  sections  of  tissues  fixed  in  OsO4 
(excepting  the  case  of  the  small  lipide 
droplets),  can  rarely  be  attributed  to 
"osmium staining." It was suggested that 
the use of the term, "osmiophilic," when 
reference is made to specimen structures 
displaying high  contrast  in  an  electron 
image, stems from a basic error in which 
the  jargon  and  concepts  of  histological 
light  microscopy  are  indiscriminately 
carried over into electron microscopy. It 
was pointed out that the "contrast laws" 
of electron microscopy do not allow suffi- 
cient latitude in possible electron-scatter- 
ing cross-sections (under the voltage and 
numerical aperture restrictions of present 
day  transmission  electron  microscopes) 
to make investigation of chemically selec- 
tive  stoichiometric  "electron  stains"  a 
promising avenue  to  useful  increase  in 
contrast. This position was reinforced at 
a  number of meetings (e.g.  see reference 
4)  and  particularly at  the  meetings  of 
the  Electron  Microscope  Society  of 
America. Nonetheless, the  term,  "osmi- 
ophilia,"  and  the  implicit  concept  of 
"osmium staining" continue to appear in 
papers on biological electron microscopy, 
uncritically,  and  with  increasing  fre- 
quency. 
In 1955, Bahr (5) measured the uptake 
of OsO4 by a  number  of tissues. In the 
case of the liver, this amounted to a  13 
per  cent  increase  over  the  dry  weight 
after 48  hours.  After 1 hour,  the  maxi- 
mum  uptake  was  7  per  cent  (average 
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about 2.5  per  cent). It was  stated  that 
the uptake was sufficient to  "contribute 
significantly to  the.., contrast  of  the 
electron microscopical pictures" (the pre- 
sumed "osmium staining"). It should be 
noted that OsO4-fixed tissues, exposed  to 
the action of the fixative for periods from 
10  minutes to  4  hours,  show  the  same 
structures with the same contrast  (judged 
subjectively), and  that  the  increase  in 
contrast  which  results  after  24  to  48 
hours in OsO4 solution can be attributed 
to  the  differential leaching effect  of  the 
solution (1, 5, 6). Therefore, contrary to 
the conclusions drawn by Bahr, his data 
are not necessarily consistent with a hy- 
pothesis of "osmium staining." 
Recently Zeitler  and  Bahr  (7)  have 
attempted to clarify this problem by pre- 
senting a  detailed analysis of  a  simple  1 
theory of electron scattering in thin sec- 
tions.  Calculations  from  the  resulting 
equations are  in rough agreement (well 
within an order of magnitude) with the 
results  of  a  number  of  earlier  similar 
analyses (e.g.  9-12). Based  on their own 
analysis, Zeifler and Bahr then draw the 
following conclusions: (a)  2.7  angstroms 
of  osmium  (metal)  would  provide  a 
minimum  detectable  contrast  of  0.05 
optical  density  units  on  a  photo- 
graphic negative developed to a ~, of 2.5 
(under  certain  standard  instrumental 
conditions). (b)  A 36 per cent deviation 
in density in a  200  angstrom thick sec- 
tion  of  carbonaceous  composition  of 
average density of 1 gm./cc., would pro- 
duce  a  contrast of  0.04  optical  density 
units (under the same instrumental con- 
ditions).  And  immediately  thereafter, 
(c) "Shortly after the first trials with the 
electron microscope in the biological field 
it  was  seen  that  treatment with  metal 
compounds of the object to be examined 
See Marton et al. (8). 
in a manner similar to the techniques in 
light  microscopy produced  considerable 
improvement in contrast and showed up 
a number of structures for the first time. 
The  most  suitable  is  osmium  (in  the 
form  of  osmium tetroxide), which gives 
the  greatest  effect  due  to  its  maximum 
density of all the elements and also insures, 
in its capacity as a  fixing agent, unsur- 
passed maintenance of structure." 
If one compares the  two  calculations 
on the same basis (viz. on the basis of the 
density  difference  between  the  area  of 
interest and the  "background"), assum- 
ing that the  difference  is due to a  sub- 
stance distributed uniformly through the 
thickness of  the  section, one finds that 
2.7  angstroms  of  metallic  osmium  is 
equivalent to about a  30 per cent differ- 
ence in density in a  200 angstrom thick 
section of  carbonaceous  composition of 
average density of  1 gm./cc.--producing 
a  contrast  of  0.05.  Therefore,  for  0.04 
contrast, the area must contain about 24 
per cent by weight of osmium and have 
an average density of about 1.24 gm./cc. 
in  a  200  angstrom  thick  methacrylate 
section to match the  "electron optical" 
density of an area in which the protein 
concentration produces an average den- 
sity of about 1.36 gm./cc. (approximately 
pure  protein).  Gram for  gram,  osmium 
will yield  about  1.5  times  the  contrast  of 
protein  (or  other  carbonaceous  sub- 
stances). 
The pivotal question may now be put 
as follows:  "Are two average areas which 
are  just  distinguishable  in  an  electron 
micrograph  of  OsO4-fixed tissue  more 
likely to  differ  from one another by 24 
to 36 per cent in density (gm./cc.)  in a 
200 angstrom thick (10 to 15 per cent in 
a 500 angstrom thick) section due to the 
presence  of  high  concentrations of  os- 
mium or high concentrations of protein?" 
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the OsO4 uptake during fixation, we must 
reject the osmium. 
The  above  calculated  values  are  for 
barely detectable contrast (whether due 
to  osmium  or  protein).  In  fact,  rather 
appreciable contrast  (0.1  to  0.3)  is  de- 
monstrable in photomicrographs of many 
200  to  500  angstrom  thick  sections  of 
tissue. This is attributable, among other 
things,  to  partial  differential "sublima- 
tion" of the materials of the section (13, 
12, 4, 14) and to development of the neg- 
ative print  combination to  effective "r's 
considerably  greater  than  the  2.5  as- 
sumed by Zeifler and Bahr. 
Other lines of evidence which support 
the  hypothesis  that  the  actual  density 
of the substance of the cells, rather than 
the  density of applied "stains"  (e.g.  os- 
mium oxides) is responsible for the con- 
trast in electron micrographs follow: 
(a)  Comparison of formaldehyde-fixed 
tissue  (viewed  at  low  beam  intensity 
(13)),  frozen tissue  (15),  permanganate- 
fixed tissue  (16),  and  OsO4-fixed  tissue 
reveals most  of the same structural de- 
tail  in  cell  membranes,  ergastoplasm, 
mitochondria, nuclei, nucleoli, and mye- 
lin in roughly the same contrast (allowing 
for known extraction effects of the fixa- 
tion proceedures). 
(b)  Comparison  of  phase  microscope 
(or interference microscope) images of 0.2 
to  1.0 micron sections mounted in a  me- 
dium  of  refractive index,  1.46  (17),  to 
the distribution of the osmium oxides of 
the same section remounted in a medium 
which matches its refractive index (18), 
and viewed by the ordinary light micro- 
scope, reveals large discrepancies between 
the distribution of gray-tan areas of ox- 
ide deposits in the cell and areas of high 
density  in  the  phase  or  interference 
image. On  the other hand,  the phase or 
interference  images  almost  perfectly 
match the distribution of the density in 
electron micrographs of consecutive thin 
sections (e.g. see 17). 
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